Unified approaches based effective capacity analysis over composite
  $\alpha-\eta-\mu$/gamma fading channels by Al-Hmood, H. & Al-Raweshidy, H. S.
ar
X
iv
:1
80
4.
09
21
3v
1 
 [c
s.I
T]
  2
4 A
pr
 20
18
Unified approaches based effective capacity
analysis over composite α − η − µ/gamma
fading channels
H. Al-Hmood and H. S. Al-Raweshidy
This letter analyses the effective capacity of communications system
using unified models. In order to obtain a simple closed-form
mathematically tractable expression, two different unified approximate
models have been used. The mixture gamma (MG) distribution which
is highly accurate approximation approach has been firstly employed
to represent the signal-to-noise-ratio (SNR) of fading channel. In the
second approach, the mixture of Gaussian (MoG) distribution which is
another unified representation approach has been utilised. A comparison
between the simulated and numerical results using both distributions
over composite α − η − µ/gamma fading channels has been provided.
Introduction: The ergodic capacity that is proposed by Shannon is
measured by assuming no delays for wireless communication systems.
Therefore, the effective capacity (or effective rate) has been suggested as
a performance metric that can be used to measure the system behaviour
under the quality of service restrictions such as system delays [1]. In the
effective capacity, guaranteed statistical delay restrictions are assumed
to be presented when the maximum constant value of the throughput
that arrives at the transmitter is measured. Accordingly, several studies
have been devoted to analyse the effective capacity over wireless fading
channels [2]. To represent the line-of-sight (LoS), non-LoS (NLoS), and
non-linearity communication scenarios of wireless fading channels, the
κ− µ, η − µ, and α− µ distributions which are generalised models that
provide better practical results than the traditional distributions such as
Nakagami-m are investigated in [3], [4], and [5], respectively.
The impact of shadowing fading is also considered in the analysis
of the effective capacity of communication systems over composite
fading channels such as generalised-K and Weibull/gamma [2, 6]. In
[7], the κ− µ shadowed fading channel which is composite of κ− µ
and Nakagami-m distributions is utilised to model the fading channel.
However, no works have been dedicated to analyse the effective capacity
over composite η − µ/shadowing and α− µ/shadowing fading channels.
Furthermore, the unified framework in [6] is based on the moment
generating function (MGF) of the instantaneous signal-to-noise ratio
(SNR) that cannot be obtained in exact closed-form expression.
Motivated by there is no general unified approach for the effective
capacity, this letter provides two different frameworks by using mixture
gamma (MG) [8] and mixture of Gaussian (MoG) distributions [9].
These distributions have been widely utilised in the analysis of digital
communication systems [10, 11]. This is because they provide simple
closed-form analytic expression of the performance metrics. To this
effect, the effective capacity over composite α− η − µ/gamma fading
condition which is more generalised than the aforementioned channels is
analysed using MG and MoG distributions. The main difference between
the MG and MoG distributions is the number of the parameters that
is required to achieve a minimum mean square (MSE) between the
probability density function (PDF) of the exact and approximate models.
System model: The normalised effective capacity over fading channels is
expressed by [7, eq. (1)]
R=− 1
A
log2
(
E{(1 + γ)−A}) (1)
where E{.} stands for the expectation and A, θTB/ln2 with θ, T ,
and B denote the delay exponent, block duration, and bandwidth of the
system, respectively.
The MG distribution: Using a MG distribution, the PDF of the
instantaneous SNR can be written as [8, eq.(1)]
fγ(γ) =
S∑
l=1
φlγ
ϑl−1e−ξlγ (2)
where S is the number of Gamma distributions which is obtained via
calculating the minimum MSE between (2) and exact PDF and φl, ϑl,
and ξl correspond to the parameters of l Gamma component.
The MoG distribution: The PDF of the instantaneous SNR, γ, can be
expressed using a MoG as [9, eq. (24)]
fγ(γ) =
N∑
i=1
ρi√
8piγ¯γψi
e
−
(√
γ
γ¯
−υi
)
2
2ψ2
i (3)
where N is the number of Gaussian components that provides minimum
MSE and ρi, ψi, and ψ
2
i are the weight, mean, and variance of the ith
component, respectively. Moreover,
∑N
i=1 ρi = 1 with ρi > 0.
MG distribution based analysis: It can be noted that (1) can be expressed
as
R=− 1
A
log2
( ∫
∞
0
(1 + γ)−Afγ(γ)dγ
)
(4)
Substituting (2) in (4), this yields
R=− 1
A
log2
( S∑
l=1
φl
∫
∞
0
(1 + γ)−Aγϑl−1e−ξlγdγ
)
(5)
Employing [2, eq. (9)] to compute the integration in (4), the following
unified closed-from is obtained
R=− 1
A
log2
( S∑
l=1
φlΓ(ϑl)U(ϑl;ϑl + 1−A; ξl)
)
(6)
where Γ(.) is the incomplete Gamma function and U(.; .; .) is the Tricomi
hypergeometric function defined in [12, eq. (39)].
MoG distribution based analysis: When (3) is inserted in (4), the integral
cannot be solved in exact closed-form. Accordingly, we express the
functions of the integral in terms of Meijer G-function by using [13, eq.
(10)], [13, eq. (11)], and [14, eq. (01.03.26.0115.01)]
(1 + γ)−A =
1
Γ(A)
G1,11,1
[
1−A
0
∣∣∣∣∣γ
]
e
−
γ
2γ¯ψ2
i =G1,00,1
[−
0
∣∣∣∣∣ γ2ψ2i γ¯
]
e
√
γυi√
γ¯ψ2
i = 2pi
3
2G2,02,4
[
0.25, 0.75
0, 0.5, 0.25, 0.75
∣∣∣∣∣ υ
2
i γ
4ψ4i γ¯
]
(7)
where Ga,bn,m[.] is the Meijer’s G-function [15, eq. (7)].
Plugging (7) in (4), this yields
R=− 1
A
log2
(
M∑
i=1
ρipi√
2γ¯ψiΓ(A)
e
−
υ2i
2ψ2
i
∫
∞
0
γ−
1
2G1,00,1
[−
0
∣∣∣∣∣ γ2ψ2i γ¯
]
×G2,02,4
[
0.25, 0.75
0, 0.5, 0.25, 0.75
∣∣∣∣∣ υ
2
i γ
4ψ4i γ¯
]
G1,11,1
[
1− A
0
∣∣∣∣∣γ
]
dγ
)
(8)
With the aid of [15, eq. (9)], the integral in (8) can be computed in
exact closed-form as follows
R=− 1
A
log2
(
M∑
i=1
ρipi√
2γ¯ψiΓ(A)
e
−
υ2i
2ψ2
i
×G1,1:1,0:2,01,1:0,1:2,4
[
0.5
A− 0.5
∣∣∣∣∣
−
0
∣∣∣∣∣
0.25, 0.75
0, 0.5, 0.25, 0.75
∣∣∣∣∣ 12ψ2i γ¯ ,
υ2i
4ψ4i γ¯
])
(9)
It can be observed that (9) includes a Meijer’s G-function of two
variables which can be evaluated by using the MATHEMATICA program
that is implemented in [15].
The PDF of α− η − µ/gamma fading channels: The PDF of SNR in
α− η − µ/gamma fading can be calculated via averaging the PDF of α−
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η − µ [16, eq. (8)] over Gamma distribution as follows
fγ(γ) =
√
piαhµµµ+
1
2 γ
α
2
(µ+ 1
2
)−1
Γ(µ)Γ(b)ΩbHµ−
1
2
×
∫
∞
0
xb−
α
2
(µ+ 1
2
)−1e
−
2µhγ
α
2
x
α
2
−
x
Ω
Iµ− 1
2
(
2µHγ
α
2
x
α
2
)
dx (10)
where α, µ, b, and Ω stand for the non-linearity severe parameter,
the number of multipath clusters, shadowing index, and mean power,
respectively. Moreover, where Ik(.) is the modified Bessel function of
the first kind and kth order [12]. The parameters H and h are related
to η which represents a relationship between the quadrature and in-
phase scattered components, into two formats, format 1 and format 2.
In the former, H = (η−1 − η)/4 and h= (2 + η−1 + η)/4 with η ∈
(0,∞) denotes the power ratio between the components whereas in the
latter H = η/(1 − η2) and h= 1/(1 − η2) with η ∈ (−1, 1) refers to the
correlation coefficient between the components [16].
Using z= 2µhγ
α
2
x
α
2
and following the same steps in [11], (10) can be
expressed by a MG distribution with the following parameters
φl =
θl∑S
j=1θjΓ(ϑj)ξj
−ϑj
, ϑl = b, ξl =
(2µh)
α
2
Ωz
α
2
l
,
θl =
√
pi2
2
α
b−µ+ 1
2 µ
2
α
bh
2
α
b− 1
2
Γ(µ)Γ(b)ΩbHµ−
1
2
wlz
µ− 2
α
b− 1
2
l Iµ− 1
2
(H
h
zl
)
(11)
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Fig. 1 Simulated and numerical effective capacity using MG distribution
against average SNR, γ¯, of α− η − µ/gamma fading with different values
of α, η, µ, and b (A=1).
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Fig. 2 Simulated and numerical effective capacity using MoG distribution
against delay exponent, θ, of α− η − µ/gamma fading with different values
of α, η, µ, and b (T =1 and γ¯ = 0 dB).
Numerical results: Fig. 1 and Fig. 2 show the simulated and numerical
effective capacity of α− η − µ/gamma fading (format 1) against the
average SNR, γ¯, using MG distribution and delay exponent, θ, using
MoG approach, respectively. The number of components for both
distributions, namely, S and N , are chosen to achieve MSE≤ 10−8 .
In Fig. 2, the parameters have been calculated by following the same
procedure in [9]. From both figures, it can be observed that the effective
capacity becomes better when µ, η or/and b increase. This is because
higher µ, η and b mean the number of multipath clusters is large, the
received power is high and the shadowing impact is low, respectively.
Conclusion: In this letter, we have used MG and MoG distributions to
analyse the effective capacity over α− η − µ/gamma fading channels.
These distributions can be employed to approximate with high accuracy
the PDF of a wide range of distributions that are used in modelling
the wireless channels. Although the MG distribution leads to simple
expression, its not applicable for all fading channels. Therefore, we
have utilised the MoG distribution. To this effect, unified simple closed-
form mathematically tractable expressions are derived. The results have
showed different scenarios that have not been yet investigated in the
technical literature such as η − µ and α− µ/gamma fading channels.
c©
Hussien Al-Hmood (Electrical and Electronics Engineering Department,
University of Thi-Qar, Thi-Qar, Iraq)
E-mail: hussien.al-hmood@brunel.ac.uk, eng.utq.edu.iq
H. S. Al-Raweshidy (Electronic and Computer Engineering Department,
College of Engineering, Design and Physical Sciences, Brunel University
London, UK)
References
1 Wu, D., and Negi, R.: ‘Effective capacity: a wireless link model for support
of quality of service’, IEEE Trans. Wirel. Commun., 2003, 2, (4), pp. 630–
643
2 Matthaiou, M., Alexandropoulos, G. C., Ngo, H.Q., and Larsson, E.G.:
‘Analytic framework for the effective rate of MISO fading channels’, IEEE
Trans. Commun., 2012, 60, (6), pp. 1741–1751
3 Zhang, J., Tan, Z., Wang, H., Huang, Q., and Hanzo, L.: ‘The effective
thoughput of MISO systems over κ− µ fading channels,’ IEEE Trans.
Veh. Technol., 2014, 63, (2), pp. 943–947
4 Zhang, J., Mathaiou, M., Tan, Z., and Wang, H.: ‘Effective rate analysis
of MISO η − µ fading channels’, Proc.IEEE Int Conf. Commun. (ICC),
Budapest, Hungary, June 2013, pp. 5840–5844
5 Zhang, J., Dai, L., Wang, Z., Ng, D., and Gerstacker, H.W.: ‘Effective
rate analysis of MISO systems over α− µ fading channels’, Proc. IEEE
Global Commun. (Globecom), San Diego, CA, USA, Dec. 2015, pp. 1–6
6 You, M., Sun, H., Jiang, J., Zhang, J.: ‘Unified framework for the effective
rate analysis of wireless communication systems over MISO fading
channels’, IEEE Trans. Commun., 2017, 65, (4), pp. 1775–1785
7 Zhang, J., Dai, L., Gerstacker, W. H., and Wang, Z.: ‘Effective capacity of
communication systems over κ− µ shadowed fading channels’, Electron.
Lett., 2015, 51, (19), pp. 1540–1542
8 Atapattu, S., Tellambura, C., and Jiang, H.: ‘A mixture gamma distribution
to model the SNR of wireless channels’,IEEE Trans. Wirel. Commun.,
2011, 10, (12), pp. 4193–4203
9 Selim, B., Alhussein, O., Muhaidat, S., Karagiannidis, G.K., and Liang, J.:
‘Modeling and analysis of wireless channels via the mixture of Gaussian
distribution’, IEEE Trans. Veh. Technol., 2016, 65, (10), pp. 8309–8321
10 Al-Hmood, H., and Al-Raweshidy, H.S.: ‘Unified modeling of composite
κ− µ/gamma, η − µ/gamma, and α− µ/gamma fading channels using a
mixture gamma distribution with applications to energy detection,’ IEEE
Antennas and Wirel. Propag. Lett., 2016, 17, pp. 104–108
11 Al-Hmood, H.: ‘Mixture gamma distribution based performance analysis
of switch and stay combining scheme over α− κ− µ shadowed
fading channels’, Proc. IEEE New Trends in Info. Commun. Technol.
Applications-(NTICT), Baghdad, Iraq, March 2017, pp. 292–297
12 Abramowitz, M., and Stegun, I.A.: ‘Handbook of mathematical functions
with formulas, graphs, and mathematical tables’, (9th edition, Dover,
1970)
13 Adamchik, V., and Marichev, O.: ‘The algorithm for calculating integrals
of hypergeometric type functions and its realization in REDUCE system’,
Proc. Int. Conf. on Symbolic Algebraic Computation, Tokya, Japan, August
1990, pp. 212–224
14 Wolfram, The Wolfram functions site. Available:
http://functions.wolfram.com, 2018
15 Corrales, C.G., Cañete, F.J., and Paris, J.F.:‘Capacity of κ− µ shadowed
fading channels’, Int. J. of Antennas and Propag., 2014, pp. 1–8
16 Fraidenraich, G. and Yacoub, M.D.:‘The α− η − µ and α− κ− µ
fading distributions’, Proc. IEEE ISSSTA, Manaus, Brazil, 2006.
2
